This paper makes use of a large, professionally conducted, survey of a wide cross-section of the residents of metropolitan Chicago to investigate whether the willingness to pay to reduce four common hazards is related to the psychometric perceptions people have of those hazards. One thousand adults were interviewed in a random-digit dial telephone survey, producing a useable dataset of about 800. Respondents are from the full range of socioeconomic groups. This contrasts with earlier economic and psychometric researchers who have had to use small sample sizes drawn from specific subgroups of society.
Data on the psychological dread and unknown metrics, and an indication of personal exposure to risk were obtained on the standard seven point scale for four common hazards: aviation accidents, fires in the home, automobile accidents and stomach cancer. Respondents were then asked to allocate $100 between the four hazards for the purpose of research to reduce the risks posed by the hazards. Thus the survey collected data on the relative willingness to pay to reduce the four hazards rather than find a true, unconstrained, willingness to pay.
Regression analysis was then conducted to relate the willingness to pay to perceived personal exposure, and psychological perception of dread and the unknown factor. I conducted regressions on each hazard separately; and also by pooling, and then using a panel analysis, on all of the data (ie., the responses of each respondent to each of the four hazards). The most striking result was that stomach cancer appeared to be in a class apart from the other hazards. Previous work by myself and also by the psychologists have found that nuclear power is another risk which is viewed quite distinctly. Stomach cancer shares with nuclear power the fact that people feel that the threat is unknown.
Amongst the other three hazards considered -commercial aviation, fires in the home, and automobiles -a more consistent pattern emerged. Hazards which make people become nervous when thinking about them (ie. dread) are generally associated with a higher willingness-to-pay to reduce that hazard. However for hazards about which the risk is considered unknown engender a lower willingness-to-pay. This latter result need not be regarded as being counter-intuitive. When people think that a hazard is unpredictable in occurrence, and that scientists do not have a good understanding of the risks, then people would prefer to spend their income on research into other hazards where there is a greater chance that preventive measures may be discovered.
While the data collected for this analysis does not permit calculation of a numerical value of life, it is possible to obtain some measure of the relative valuation across hazards. This can be done by adjusting the calculated willingness-to-pay for each hazard by the perceived probability of occurrence. Having done this we find that the implied underlying valuations of life varies across the hazards studied, and is explained by the statistically significant effects of the dread and unknown variables.
The implications of the findings are firstly that researchers should not be disappointed at the wide variation in the valuation of life found in empirical studies. Different hazards will produce different values of life. Secondly, practitioners should not strive for, and use, a common valuation of life when making policy decisions regarding priorities for spending to reduce hazards.
Practical examples of the relevance of the research can be illustrated by the area of transportation. Until recently Transport Canada used a valuation of C$280,000 for a fatality in a road accident and C$2.5 million in the case of an aviation fatality, when comparing the return on projects. However, the Canadian government recently decreed that a common value of C$1.5 million be used for all transportation projects. Similarly in the United States the Federal Aviation Administration recommended a value slightly higher than that used by the Federal Highway Administration. As in Canada recent rulemaking has imposed a common valuation across all branches of the Department of Transportation. My results would suggest that such action is regrettable. Yet based on the data in my survey, the higher dread and lower unknown aspects of automobile accidents compared with aviation accidents might suggest that it is highway rather than aviation projects that should be evaluated with a higher valuation of life.
The structure of the paper is as follows. Section 1 hypothesizes the consumer theory that underlies my propositions. Section 2 describes one previous analysis of this type. The objectives of designing the survey are described in section 3, and discussion of the actual design and implementation are in section 4. Section 5 contains the econometric analysis, with conclusions being drawn in section 6.
THEORY
It is postulated that the willingness-to-pay (WTP) to avoid a certain hazard can be defined as:
where: P i is a matrix of the assumed probabilities of various levels of harm (death, disability etc.); E i is a matrix of the assumed consequences of a death or injury in traditional economic terms (loss of potential earnings, bereavement etc.); U i is a matrix of the value of the disutility associated with the occurrence of harm (ie. certain forms of death or injury have a greater disutility attached to them).
The valuation of life (VOL) will be defined as [E i + U i ]. In this simple model the pecuniary and nonpecuniary losses are additive. It is worth noting that while the term "valuation of life" will be used in this paper, the wording of the empirical questions leaves it open for respondents to consider the full gamut of possible harms that may occur.
It is my hypothesis that the valuation of life will vary because of the existence of the U matrix. The subscript i in this case can either refer to individuals or to different types of hazards. It is also my hypothesis that this variability over individuals or over risks can be explained by cognitive psychometric dimensions by which people assess risk.
PREVIOUS LITERATURE
The author is aware of only one prior investigation that brings together economic and psychometric data. McDaniels (1988) administered a questionnaire to 53 respondents regarding ten common hazards, asking for psychometric risk assessment in eight dimensions, and a WTP to reduce the annual fatalities from that hazard by 20%. He found that while the psychometric dimensions were statistically related to the WTP to save one life (found by dividing the answer given to his questionnaire by the number lives a 20% fatality reduction represents), the R 2 for the equation was low. However, McDaniels admits himself that his study could be flawed because a 20% reduction in annual fatalities represents 10,000 lives saved in automobile accidents but only one life in the case of certain workplace chemical hazards. Psychologists have noted that people are particularly fearful of multiple fatality hazards.
OBJECTIVES AND SURVEY PHILOSOPHY
The principal objective of this study is to find out if psychometric factors influence willingness to pay to reduce risk. That is to say, are there systematic variations in the willingness-topay across individuals depending on their psychometric responses, and across different types of hazards?
As a consequence of this objective the interest was in peoples' rankings of psychometric and economic variables across hazards, and not in the absolute values of these variables. This both considerably simplified the questionnaire and meant that the survey would not produce numerical "values of life".
A secondary objective of the study was to collect data from a large sample of people with varying socioeconomic backgrounds. Previous psychometric studies have typically had sample sizes well under 100, composed of well-informed upper-middle class people (the League of Women Voters in Eugene, Oregon being particularly well represented).
To achieve this objective it was decided to make the questionnaire as short, and as easily intelligible as possible. Budgetary considerations also limited the scope of the work. It was therefore decided (a) to only seek information on four hazards, and (b) research only two cognitive psychometric risk dimensions.
The four hazards were chosen based on prior evidence from the work of Slovic, Fischhoff and Lichtenstein (1980) that these hazards were cognitively viewed has having very different characteristics. The hazards chosen were commercial airplane accidents, fires in the home, automobile accidents and stomach cancer.
It was also decided that it would be counter-productive to ask for responses to the eight or nine risk dimensions typically used by psychologists. In any event, many of these dimensions are found to be highly collinear, and hence unsuitable for econometric analysis, and were anyway often consolidated by factor analysis into two factors (Slovic, Fischhoff and Lichtenstein, 1980) . It was therefore decided that it would be much simpler to ask people directly about these two factors: "dread" and "unknown". People appear to have a great "dread" of a hazard when it is catastrophic; if death is a long draw out event (eg cancer); if victims are exposed to the hazard involuntarily; and if, when exposed to the hazard, the victim cannot by personal skill or diligence avoid harm. The "unknown" factor is relatively self explanatory comprising the fact that victims may not observe the hazard when it occurs, do not personally know the risk, or that the probability or consequences of the hazard are not even known to scientists.
SURVEY DESIGN AND IMPLEMENTATION
The data were collected as part of Northwestern University Survey Laboratory's annual Chicago Area Survey Project . CASP-91 is a random-digit dial telephone survey of the adult population in Cook, Lake and DuPage counties of northeastern Illinois, which covers the greater part of the City of Chicago and its surrounding suburbs. It is a multi-issue survey gathering information on a large number of issues including quality of life measures, race relations, media performance, political attitudes, and also other topic areas which the faculty of Northwestern University could pay to have included. Additionally, many standard demographic items were included. The questionnaire ran to some 108 questions, and produced a maximum usable sample size of 1,027.
In addition to administering the questionnaire, the Survey Laboratory also provided advice on the structuring and wording of questions, pre-testing, and data input verification and "cleaning". The survey was conducted in May 1991 using professionally trained and supervised staff. Over 10% of the completed interviews were validated by call-backs to the original respondents. No problem was found during the validation process. Extensive efforts were made to avoid bias by repeat calls to selected telephone numbers (over 20% of selected numbers required over 10 calls to complete the interview) and by training interviewers to minimize the number of refused interviews.
Reference to equation (1) suggests that three pieces of information are required to make the necessary calculations: a measure of relative WTP, subjective probabilities of exposure, and psychometric attitudes. The questions to obtain these data were numbered 42-45 on the 108 question interview.
The first question related to the individual's psychological dread for each of the hazards. Of interest to other researchers in the field is that originally the word "dread" was used in this question. However, during the pre-testing (on 50 respondents) it was reported that respondents had great difficulty understanding what the term meant. Therefore, it was decided to use the definition of whether respondents could think about a risk in a calm way or whether they became nervous about it. Although the term "dread" will be used in the description of the results, it is worth noting that this is a term which is widely understood by professionals working in the area, but is not in common usage amongst lay people. The form of this question and the following questions on the unknown factor and personal exposure is similar to that adopted by previous psychometric researchers. Respondents had to indicate their feeling on a 1 -7 scale. This scale being the standard form used in all the psychometric work.
Q42. The following group of questions asks your opinions about four types of health hazards: commercial airplane accidents, household fires, automobile accidents, and stomach cancer.
For each of these hazards, please use a seven-point scale with "1" meaning you remain calm when thinking about it and "7" meaning you become nervous when thinking about it. Feel free to pick any number on the scale.
A. How do you feel when thinking about commercial airplane accidents?
Remain Calm 1 2 3 4 5 6 7 Become Nervous
And similarly for household fires, automobile accidents and stomach cancer.
Box 1. The "Dread" Question
The next question attempted to elicit the individual's knowledge of the risk which corresponds to the "unknown" factor described by psychologists. In devising the question we emphasized not only knowledge of the probability of the hazards but also the seriousness of the consequences in the event that the hazard occurs. Following pre-testing it was considered advisable to have "Don't know anything" correspond to the response 1, and "Well informed" to the response 7. This is the reverse of the other questions where the "worse" outcome corresponded to 7. We therefore transformed the data collected by subtracting from 8 in order to form the unknown variable used in the regression analysis.
Q43. Next, for each of the hazards, please tell me how informed you are about the risk and seriousness of each. For this use a seven-point scale with "1" meaning that you basically know nothing about the risk and seriousness and "7" meaning that you are well informed.
A. How informed are you about the risk and seriousness of commercial airplane accidents?
Don't know anything 1 2 3 4 5 6 7 Well informed
Box 2. The "Unknown" Question Q44. Next, for each of these hazards, please tell me how much actual threat each poses to you personally. For this please use a sevenpoint scale with "1" meaning that you feel no personal threat and "7" meaning you feel a high personal threat.
A. How much threat do you personally feel from commercial airplane accidents?
No threat 1 2 3 4 5 6 7 High threat
Box 3. The Subjective Probability Question
The next question asked for a measure of the individual's subjective probability of being affected by the hazard. The question was phrased so as to elicit the threat felt by the individual and not the individual's opinion about the prevalence of the hazard in society in general. Interviewers were instructed to reinforce this objective. The ordinal risk scale of 1 to 7 was again employed here as we were interested in peoples' relative perceived risk in comparing the hazards rather than observing whether people could state some numerical probability of death (such as 1/10,000).
The final question attempted to measure the relative willingness-to-pay to reduce each hazard. The form of this question requires some explanation. Respondents were asked to divide up a charitable donation of $100 between research into reducing the risks of the four hazards. To a large Q45. Imagine, you are going to give $100 in charitable contributions to scientific organizations that were doing research to lower the risks of commercial airplane accidents, household fires, automobile accidents, and stomach cancer. Box 4. The Willingness-to-Pay Question extent the project budget determined that just one question could be asked in this area rather than trying to elicit a true, unconstrained, valuation of life. As discussed already, this was not a problem as only relative valuations across hazards were being investigated. In addition, there are considerable practical problems in obtaining an unbiased unconstrained numerical answer (see Jones-Lee, Hammerton and Philips, 1985) . As to the actual wording used, a number of different versions were considered. In the end it was decided to use a scenario familiar to most americans, the decision on making (tax-deductible) charitable contributions. We were cognizant of two potential problems. The first is that respondents may have prior opinions on the effectiveness of the different organizations to reduce risk. The second is that the American Cancer Society regularly solicits for contributions, while the same cannot be said for organizations researching into the other three risks (if indeed such research organizations actually exist).
ANALYSIS OF THE DATA
The format of equation (1) suggests that the estimated equation should be multiplicative in nature. Therefore a log-linear or semi-log-linear estimation by OLS would appear appropriate. Given that the dependent variable can take the value zero, a semi-log form was used.
Analysis across Individuals for Each Hazard
The initial analysis looks at the variation over individuals for each hazard. There are therefore four regressions. As the economic valuation of a hazard in question 45 involves decisions on splitting $100 between four hazards, a correction must be made for perceptions and exposure to all the other risks. For each hazard was estimated:
where: D is the dread factor, K is the unknown factor, subscript i represents individuals, and subscript j refers to hazards. Hence there were 13 explanatory variables. One would expect the ß coefficients on P, D and K for the hazard in question to be positive and (hopefully) significant, and the ß coefficient for the other hazards to be negative or insignificant. Comparing equations (2) and (1), we can observe that the second right-hand-side term in equation (2) corresponds to the probability term in equation (1), the constant in equation (2) corresponds to the traditional valuations of life expressed by the term E i , and the final two explanatory variables explain variation in the U i term.
The full econometric results are shown in table 1. There is one equation for each of the hazards. Goodness-of-fit is quite poor with adjusted R² in the range 0.05 to 0.1. Interpretation of the coefficients in the table can be slightly confusing. The reader's attention is initially directed to the effects of probability and psychometric perceptions on the WTP for that hazard. That is to say in the first equation on aviation one should initially look at the second through fourth coefficients, in the second equation on automobiles the fifth through eighth coefficient, and so on. There are some strong intuitive conclusions. WTP appears to be strongly and positively related to the perceived probability that the person is exposed to the hazard. This is true for all four hazards. There is also strong evidence that in the case of aviation, home fires and automobiles that increasing dread is associated with a higher WTP. While the coefficient on this variable is positive in the case of stomach cancer the t-statistic falls short of statistical significance.
However, the unknown variable takes a counter-intuitive negative sign, and is statistically significant, at the 10% level or better, for all the hazards except for aviation. Thus the less people are informed about the risks of a particular hazard the less they are prepared to spend for research. Psychometric research indicates that the "unknown" effect is composed of whether the victim can observe the hazard when it occurs, how informed the person is about the risk (be it due to personal experience or via the media), and whether the risks are known even to scientists. Given the phrasing of the questions emphasizing charitable contributions to research organizations it is possible that the latter of these may have been uppermost in respondents' minds. Thus respondents who feel that risks are unknown to scientists may also feel that it would be a waste of money to contribute to further research.
The readers attention is now directed to other coefficients in the table. these are the "cross terms" such as the fifth through thirteenth coefficients in the aviation equation. As described at the beginning of this section, these terms adjust for perceptions of other risks and should intuitively take negative signs or be statistically insignificant. In general this is the case. The only exceptions being an incorrect sign on the unknown factor for automobiles in the home fires equation, and vice-versa. Also, people who believe that the risks of cancer are unknown are willing to spend higher amounts on research in aviation accidents and home fires. Approximate annual fatalities in the United States are 200 in commercial aviation accidents, 4,000 in household fires, 14,000 due to stomach cancer, and 47,000 in automobile accidents. The risks of stomach cancer may be confused with cancer in general which claims about 500,000 victims a year (National Center for Health Statistics, annual). 
Analysis across Individuals and Hazards
The second type of analysis introduces variation across hazards. One should preface description of the econometric results with some descriptive statistics of how people evaluated the various hazards. This is shown in table 2. The most striking feature is that stomach cancer has a very large willingness-to-pay, spurred it appears by the fact that people believe that the risk is unknown.
In terms of perceived probability of threat, respondents rank the hazards in the order of actual annual fatalities in the United States, with the exception of stomach cancer which in reality is a greater threat than fires in the home but less than automobile accidents.
11 However, this result may be explained by the fact that the risk of stomach cancer is especially acute for older people, and thus many younger respondents do not feel so personally threatened. All of the other three hazards can be reasonably assumed to represent a real threat to all age groups.
As to the psychometric variables, automobile accidents engender a higher dread than the other three hazards, which are statistically inseparable. We have already discussed that cancer appears to be regarded as the most unknown hazard, followed by aviation, fires in the home, and automobiles. One can compare these rankings of the various hazards with previous psychometric research (Slovic, Fischhoff and Lichtenstein, 1985) . There are some notable differences. In terms of dread, respondents to this survey have a greater dread of auto accidents than aviation accidents, while the opposite was true for Slovic's respondents. Aviation is regarded by respondents as relatively more unknown risk than in earlier psychometric studies.
The first regression performed had all the observations placed in a large pool. The regression was of the form:
The results are shown in the first column of table 3. The results are somewhat reversed from the analysis in the preceding section. The dread variable is, while positive, not significant, and the unknown variable has changed sign to be positive and significant. The reasons for this change as obvious from table 2. While individuals relate WTP negatively to the unknown factor for each hazard, the stomach cancer hazard engenders a high WTP and unknown factor which is so large as to dominate the results.
It would appear that stomach cancer is in a league apart from other risks. Thus it is similar to feelings about nuclear power found in previous studies, which had very high dread and unknown factors and a very large WTP (Savage, 1991) . It was therefore decided to rerun equation 3 excluding the observations for stomach cancer. The results are shown in the second column of table 3. Now the results are similar to those found in the previous section of the paper. WTP rises with dread and falls with the unknown factor. One should ask why it is that stomach cancer has a high unknown factor and a higher WTP, yet we find that for more everyday hazards the unknown factor and WTP are inversely related. My interpretation is that people view cancer as being an area where scientific knowledge is in its infancy and that there is the possibility of a substantial improvement in medical knowledge from further research. This attitude being fostered by the continual solicitation for money by research organizations specializing in cancer research. In contrast I suspect that as I hypothesized earlier, people regard the more scientifically unknown of everyday hazards as promising poor return for their research dollar.
Numerical valuation of life cannot be obtained from the data collected for this analysis. We have constrained people to allocating a budget of $100, and only obtained an ordinal scale of perceived probability of occurrence. However, it is possible to get some idea of the implicit relative valuation of life. This can be done by removing the effect of perceived probability of occurrence from WTP. That is to say, if we consider the more everyday hazards shown in the second column of table 3:
If the mean values of the dread and unknown variables from table 2 are substituted in, we calculate a relative measure of implicit valuation of life of $13.67 for aviation, $13.93 for fires, and $14.32 for automobiles. While the nature of the questions in this study do not permit the conclusion that the valuation of life for automobile accidents is 5% higher than that for aviation accidents, we have established the principle that they are different from each other in a statistically significant way. Thus the higher dread and lower unknown aspects of automobile accidents compared with aviation accidents and fires suggest that highway projects should be evaluated with a higher valuation of life than that used for aviation or fire prevention projects A second pair of regressions were conducted to correct for individual response scaling, a common problem in psychometric empirical analysis. That is to say that while two individuals may rank the four hazards identically on the issue of, say, dread, one might anchor his or her response around the number 5 on the 1 -7 scale, and the other around the number 3. The respondents do this not because the first person feels a heightened dread for all the risks, but because they are unsure where to anchor their answer on the 1 -7 scale. Variables were used to represent an individual's deviation from their mean answer to the psychometric questions. The regression was therefore:
Where the # superscript indicates that panel data techniques have been employed by subtracting each individual's mean value for that variable from each observation. There was therefore three explanatory variables.
Clearly this method is not necessary superior to that in equation 3 in that while the scaling problem has been removed, so has some potentially important information eg. a person who gives a scores of 6 and 7 for the various hazards probably is more fearful than someone who gives 1 and 2 although this latter regression treats both as being equivalent. Therefore the results shown in table 4 should not necessary be regarded as an improvement over table 3. However one notes that the results are quite similar. When the stomach cancer hazard is included the unknown factor is positive and significantly related to WTP and the dread factor is not. When the analysis is limited to aviation, autos and fires then the dread factor is positive and significant and the unknown factor negative and significant.
Despite the existence of high statistically significant explanatory variables, all four regressions in table 3 and 4 have very poor goodness-of-fit.
Demographic Analysis
The final piece of analysis is an attempt to look behind the psychometric variables to try to understand whether there are certain definable subgroups of the population who attach high WTP to various hazards. Based on the demographic data collected in the survey the following regression was run for each hazard: (6) WTP i = α 0 + ß 1 ln(AGE) + ß 2 ln(SCHOOL) + ß 3 ln(INCOME) + ß 4 MALE + ß 5 BLACK where: AGE is the persons age in years SCHOOL is the number of years spent in school (all of grade, high, undergraduate and graduate education together) INCOME is the mid-point of the annual pre-tax income bands the person could select from. These were $5,000, $15,000, $30,000, $50,000, $80,000 and $125,000.
MALE
A dummy variable taking the value 1 for male. BLACK A dummy variable taking the value 1 if the respondent was black.
Having run this regression for each hazard separately, and then as a pool of all the data, it was clear that the former approach was more enlightening. The results are shown in table 5. The most notable feature is that older people attach a higher WTP to stomach cancer than do younger people, and this has the effect that the older people place a much lower valuation on the other three hazards. This result is not surprising. Blacks appear to have a much lower WTP for stomach cancer but this is compensated by a much higher WTP for research to lower the risks of fires in the home. Again, this is not surprising. A casual perusal of the Chicago newspapers would suggest that a disproportionate number of fatal household fires occur in minority neighborhoods. In general the higher a person's income the lower the WTP in the case of aviation and the higher in the case of stomach cancer. It should be noted, however, that the goodness-of-fit is again quite poor. In evaluating the results some multicollinearity problems were expected. However, with the exception of a correlation coefficient of -0.44 between SCHOOL and BLACK, other correlations were quite small.
CONCLUSIONS
A major conclusion from this work is that there are certain kinds of hazards which are in a class apart from all others. These risks engender considerable fear and a high willingness-to-pay to reduce them. Previous work by the current author (Savage, 1991) and also by the psychologists have found that nuclear power is one such example. The current work has found that stomach cancer also fits into this category, especially for older people. This hazard shares with nuclear power the fact that people feel that the threat is unknown.
While the data collected for this analysis does not permit calculation of a numerical value of life, it is possible to obtain some measure of the relative valuation across hazards. This can be done by adjusting the calculated willingness-to-pay for each hazard by the perceived probability of occurrence. Having done this we find that the underlying valuations of life varies across the hazards studied, and is explained by the statistically significant effects of the dread and unknown variables. The data collected as part of this analysis suggests that people value their lives higher when considering automobile accidents as compared with aviation accidents or fires in the home.
The practical implications of the findings are firstly that researchers should not be disappointed at the wide variation in the valuation of life found in empirical studies. Different hazards will produce different values of life. Secondly, practitioners should not strive for, and use, a common valuation of life when making policy decisions regarding priorities for spending to reduce hazards. 
